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@ Method of plasma enhanced silicon oxide deposition. 

(3s A method of depositing a hard silicon oxide based film is 
provided by controllably flowing a gas stream including an 
organosilicon compound into a plasma and depositing a silicon 
oxide onto a substrate while maintaining a pressure of less than 
about 100 microns during the depositing. The organosilicon 
compound is preferably combined with oxygen and helium and 
atTeast a portion of the plasma Is preferably magnet^ 
confined adjacent to a substrate during the depositing, most 
Dreferably by an unbalanced magnetron. These silicon c-xiae 
based films may be reproducibly deposited on small or large 
substrates, such as glass, plastic, mineral or metal, with 
preselected properties. 
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Description 

METHOD OF PLASMA ENHANCED SILICON OXIDE DEPOSITION 

Field of the Invention 

The present invention relates to the deposition of silicon oxide based films, and more particularly to the 
plasma enhanced deposition of silicon oxide based thin films from volatile organosilicon compounds. 

Background of the Invention 

Plasma polymerization has been a known technique to form films on various substrates. For example, 
mixtures of silane with or without oxygen, nitrous oxide or ammonia have been plasma polymerized to form 
silicon oxide films. However, silane has a repulsive odor, can be irritating to the respiratory tract and is 
pyrophoric and corrosive. 

Some attention turned from silane to the deposition of organosilicon films in plasmas. Sharma and Yasuda, 
Thin Sol id Films, 110 . pages 171-184 (1983) reviewed the preparation of films from several organosilicon 
compounds in which silicon based polymers were deposited and described the plasma polymerization of 
tetramethyldisiloxane by a magnetron glow discharge with the addition of oxygen gas. The films so formed 
were reduced in carbon to silicon ratio with respect to the organosilicon starting material, but still retained a 
significant amount of carbon. However, the incorporation of oxygen in the feed mixture, despite silicon 
enrichment of the film, resulted in poor polymer adhesion. 

Sacher et al US Patent No 4,557,946, issued December 10, 1985 describes use of plasma polymerized 
coatings form organosilicon compounds to form a moisture barrier on the substrate by heating the substrate 
and controlling the plasma power level. Wertheimer et al.. US Patent No 4.599,678, issued July 8, 1986, 
discloses use of an organosilicon in a glow discharge to coat thin film capacitors when these substrates are 
heated to a temperature in excess of 50° C. 

In general, the films formed from organosilicons have typically been formed at a relatively low deposition rate 
(as compared with, for example, sputtering), have tended to be soft, and often have been hazy. The 
requirement that the substrate be heated, as in Sacher et el. and Wertheimer et al., is also disadvantageous for 
some substrates. 

In the Drawings 

Figure 1 is a general schematic diagram illustrating a plasma system utilizing the various aspects of the 
present invention; ... 

Figure 2 schematically illustrates a side sectional view of the plasma deposition chamber and its 
associated equipment; 

Figures 3A and 3B illustrate the use of a balanced magnetron in the system of Figure 2 ; 

Figures 4A and 4B illustrate the use of an unbalanced magnetron in the system of Figure 2; 

Figure 5 illustrates an alternative connection to a magnetron in the system of Figure 2 wherein the 
electric field is produced by a radio frequency generator. 

Summary of the Invention 

r It is an object of the invention reproducibly to deposit adherent, hard silicon oxide based, preferably thin 

films preferably with preselected properties and preferably at commercially feasible deposition rates. 
In one aspect of the invention, a method of depositing an adherent, hard silicon oxide based film comprises 

providing a gas stream with at least three components, establishing a glow discharge plasma denvedfrom the 

gas stream, or one of its components, in a previously evacuated chamber with a substrate removably 
7 positioned in the plasma, and controllably flowing the gas stream into the plasma to a deposit a silicon oxide 

onto the substrate when positioned in the plasma. The gas stream includes a volatilized organosilicon 

compound, oxygen, and an inert gas such as helium or argon. 
The gas stream is controllably flowed into the plasma by volatilizing the organosilicon exterior the chamber 

and admixing metered amounts with oxygen and the inert gas. An unbalanced magnetron preferably confines 
5 a portion of the plasma adjacent the substrate during the depositing which increases the ion flux and thus 

increases the film deposition rate. 

Rims of the invention can be controllably deposited on a variety of large or small substrates for applications 

in which a hard, protective film, or barrier, is desired. Properties of the films can be selectively modified as 

appropriate for particular applications. 

o 

Detailed Description of the Preferred Embodiments 
The present invention provides a method of depositing silicon oxide based films that are hard, adherent and 
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nreferablv substantially inorganic. Such films have been deposited in accordance with the invention on a 

+hnn 1 mirron can be obtained and are within the scope of the invention. 

?hoic™ ^^ oTthe substrate to be coated by the invention will vary according to the desired appl.cat.on. For 
exSS vinous Scs such as polycarbonate resins, useful for packaging foods or beverages may be 
coSedln accordance with the invention to prevent oxygen or moisture permeation Thin films " ronton* 
with the invention may be deposited on gallium arsenide semiconductors for .nsulat.on and cassation since 
The subSes arTnot heated during practice of the invention. Glass or coated glass may be used as 
^SS^StSS^Ji^ and be coated (or overcoated) in accordance with the mven .on. 
%£££m tens* of optical glass or plastic may be coated to protect against abrasion. Other app .cat.ons 
KC oTrfSms'as orienting layers in liquid crysta! displays, as laser light gu.des r ' ctronic 
deuces, and in various medical applications, such as coating on activated charcoal or other ^" Jsjates 

Althouah the process has an organosilicon compound as a starting matenal he preferred films are 
subsVantiaJly lnoS as evidenced by bonding analysis. However, films that are sil.cone in nature may be 
oreoared « desired as further described hereinafter. The typical, substantially inorganic silicon ox.de based 
Z^oslted ^^n ScoSance with the invention are characterized by a high degree of crossl.nk.ng 
(determined bv Fourier transform infrared spectroscopy, or FTIR). 

including at least threa components: a volatilized organosilicon component, an "^""J?"^ " 
nartg2 component. The combination of oxygen component and Inert gas component ™* «» volatilized 

oraanosilicon component in combination with either oxygen or inert gas. 
E te olgenoeilicon compound, for the gas etreem ere iigcid ^'^^^"1^0 

e,,SeX»^ 

nrnrnosillconl of one or moreadditional compounds in gaseous form may be .ncluded for particular desired 

deposited films (except for light transmission), and bonding analys.s mdicates the film to be .sto diox.de in 
nature Use of methane or acetylene, however, produces films that are sHicone in nature. The .nclusion o 'a 

4 °,n P ™ SSffi^^SK a glow discharge p.asma is estabiished in ^^ng** 

pTaTma SCSS-m «• 'ontrollably flowed into the plasma. The substrate is P^"^** 
andoutoTtheplasmaad^ 

inventive method is preferably practried at relatively high power and qurte low P^fur^Thus for 
example Sot the films have been prepared at about 1,000 watts (40 kHz) althoug . fitois have been 
prepared at 375 (13.56 MHz), and some at 300 watts, direct current. A pressure less than about 100microns 
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,0 1 Torr) should be retained during the deposition, and preferably the chamber is at a pressure between 

diagnostics method will now be more fully described. 
General System 

, "MS- ,1 ca, ,n the fiX^"^^^ 
plasma-enhanced chemical vapor dapoMnJRBCVD Ion la = m » P e ^ h "™' ,J lc Rgu „ 2 , „ example of 
explanation of certain components of the system of Bgura il « gwjv » „ , oeh 

the reOVD o, plasma P#^>SSrSSS tl«. octroi system 19 
compartment 27 and a process ^compartmera a '^^^X^^^^T^fn^matrimt 

0 includes a mechanical pump 33 connected to i™**** ^hanical pump 41 . The diffusion pump 
system also Includes diffusion pumps 37 and 39, and "vaMocmeo mecnamc up v baf fle 45. 

pump 37 is then operated to ^^^S^SSi * 
typically in the neighborhood of 46 ^™ ^^^JJ^^Blon pump 39 using baffle 49. During 
iO flowing the process gases .n o the reactor, chamber nd ^ ° dep ositon chamber 29 at the operating 

^tffff^^^ "» - 31 iS ° Pen8d ^ ^ 
45 in the example system being de * crtoe ^ V^XEE** similar materia, are 

liitoof the magnetron also helps to confine the ga s f kmr to ^J^dSK. ci course on how many 
A particular gas supply system 15 that is connected to th conduit 59 ^^J^J^ & and 67 0 f 

. gSsM^ 
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proportions of each gaseous componert ^' s "S^f/J^™p^ the s,*m octroi 25 with »> 

control 25 to adjust and control the flow rate. w 
Magnetron Structures 

plan view, the structure of Figure 3 is elongated Ibv a ^^^^^J m ^Xmi^tMimn 

ThestmctureofFigureSAisterme^^^^^ 
one of the outer south magnetic poles '^^^S^^S^ of the magnetic field forces 
spiral around a magnetic force Una. and along | tj nd e ™ nc * ™ a ^ ber metal case . T he cathode 57 is 
and the electric field forces formed by ^«2S^te^£^^W«*a because of the higher 2C 
generally made of titanium or quartz ^S^XSSSi^^f^ s * stem of Figure 2 ' 
pressure (that is 9 reater J h n ^ h ^ b ° e SK inlhe system of Figure 2 is shown in Figure 4A. 

An unbalanced magnetron that ^ em ^.^l Jon core 137 middle. Only the south magnetic poles are 
Outside magnets 133 and 135 are arranged wtth a soft from y the cathoae . The result is that 

iron core piece. The result is a r^ttern of magne^ 

magnetron structure of Figure 3A. maa netic field strength distribution across the 

The balanced and unbalanced ^^^^^^S^^ *™ > n R 9 ure 3B ' the magneti ° ; 
cathode indicated by diagrams. rf ^^J^SS!SSpSL. In the unbalanced magnetron case of 
field strength in the center is twice th£ ^!^^°^^ d to the field strength of each of the outer 

the cathode resu,te in the dif,erent 

distribution of the magnetic flux l,nes 1 f 9 - jt ^, for , owfreque ncy operation of the power supply 

The magnetron structures of ^ n '^ome aS'ages f!om operating at a much higher 

17. An example frequency. SIS* megahertz. Such a high frequency system .s 

frequency, such as in the radio frequency range w & assembly 55" is In this case made of a 

schematically illustrated in ff^^"^ 

non-conductive quartz rnaterlal. A ra^ofr»quency ^JJ^^^J^ ^^^^p j^Qpp generator and the coupling rod 
The exemplified deposition chamber 29 had a size .of ' 1 2'n^^™^J l , 8 aimens ional scale which 

r u ;rbi 7 id^ 71 is not ,imited to the 

exemplified dimensions since it can be readily scaled up. 
Experimental 

A« depositions were^ 
ILS-1600 research coater. The chamber was ^, ua ^^ high vacuum. Then the 

Torr. The load lock was vented to atmosphere whHe th ^^^^^ h ad been heated to a 
load lock was evacuated with the substrate loaded therein Meanwn »^ 7 P ^ r from ^ e cnamber until 
constant temperature of 100»C. had |^2^ff^ °< organosilicon. 

the gas inlet was opened The ^^l^^^^^^^mponBnVs flow controller, and the 
The desired gas flows of the Surfng a baffle over the diffusion pump. The 

pressure in the chamber was adjusted to the desired I va ue Dy cham ber was opened. After 
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supp*. .he pressure o, the ohamber, « aSJKKiSJSS^^ ^ 
,S» from the control program was used tohnd h * = , 0 inerl gas raho was 

was shirt down and the coating substrate removed. 
The following abbreviations will be used: 

HMDSO - hexamethyldisiloxane 
10 TMDSO - 1 ,1 ,3,3-tetramethyldisiloxane 

MTMOS - Methyltrimethoxysilane 

VTMS - Vinyltrimethylisilane 

vTMEOS-Vinyltrimethoxysilane 

SCCM- Standard Cubic Centimeters per Minute 
m IPM - Inches Per Minute 

' Te Average electron temperature in electron volts 
H - Hydrogen alpha emission line at 657 nm 
o/oT- Percent transmission of light 
o/oRf- Percent reflection of coated side of sample 

clear glass substrates. 

Example 1 ^ 
40 kHz. The substrate oonveyor speed was 10 ^ 0 K ^*«, We invention Table I. below, sets out 



gable I 
Composition. 

1 

2 



Gas Stream (SCCM) 

20 HMDSO 
20 Ar 
20 HMDSO 
20 He 
20 HMDSO 
7 0 2 
35 



2 

46 He 



AsoanbeseehtromTabfet.meinven^^^ 
than gas streams including either only •n^^J^^^Xo^^ T,a '' ,Mn ''''* ,M " 
SotTHtt 

and was 46 miorohs for the inventive gas stream composite (4). 



Example II 

method 10 select properties such as deposWon i rat. ^ j? re ™°"°"„ be[ sure dur |„ 9 the depositing for 
properties. 
Table II 

Inventive _ Sj* 



Solon 



35 HMDSO 7+ 
35 0 2 
47 He 





2.1 C 3 H6 






6 


35 
35 
46 
10 


HMDSO 

0 2 
He 
N 2 


9- 


195 


7 


35 
30 
46 
5 


HMDSO 

o 2 

He 
N2P 


7 


220 


8 


35 HMDSO 
35 0 2 
46 He 

2.1 C 3 H 6 

6.0 N 2 


9+ 


226 


9 


36 


HMDSO 


7 


203 



30 0 2 
47 He 
2.1 C 3 H 6 
9.8 N 2 0 



7.47 



As can be seen from the data ofTabte... the gass^ 

The o/oRg on the plain glass side was similarly slightly reflective. 
Example III 

Fo^erer^vegass^oorr^^ 
Z^T^T^" S ^^^ " — - - process 
parameters are set out in Table III. 
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Table III 



inventive f^*™ Hardness Te H_/He 

Composition Jg^W 



39 tmdSO 

45 0 2 

46 He 

30 M1M0S 
12 0 2 
90 He 

36 VTMS 
35 0 2 
46 He 

30 VMEOS 
30 He 
16 0 2 



1.184 1-630 

1.063 0-883 

1.376 1-820 

0.430 0.960 



Ascanbeseenfromthedata,^^ 

processed in accordance with the .nvent.on. ^^^^^^w in */day at a 21% oxygen 
„ 381 Angstroms per minute and an W —"" s part cu^y useful for rapidly coating substrates 
30 atmosphere. Thus, invents gas stream compos" ^°^%Pf o n nalw J s strearn composition (12) had only a 

with a film which is substantially ^permeabl^ to g^™™^^ of the T aber abrader. This excellent 

35 where abrasive resistance is needed. 
Example IV 

Two identical gas stream -pos^ 

40 under identical conditions, except that a standard p aner processes was 1 .OCO watts, 40 kHz. 

40 preferred unbalanced magnetron was used for the , other P °^ or ^° mic P rons during tne depositing, and the 
conveyor speed was 10 i P m with ten P as *^^^^^ two processes was that the 

deposited films both had a hardness ratmg of 7 On ed» ter tnan tnat with the planar 
preferred unbalanced magnetron had a ced LIg^«^^ to * , ^ , ■ l,, • B,,, • 

45 ^**rt^£'SSSd«i. of crosslinking. Both gas stream 
S^ons S SSSlSTSl. ™ in inventive composition (8) of Example ,,. 

Example V 

data is set out in Table IV. 
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Table IV 

a ST 2S» 3S55S5l « 

0.259 



14 35 HMDSO 40 kHz 




15 5 -> 0.0469 

1.05 " " 15 



1000 W, 217 



375 W, 380 



300 W, 627 
D.C. 



The m hardnesses of gas stream -P^^ 25 
composition (16) was *.T*^ 9 9 ^ for stream 

excellent non-permeable property a a very [ good de ^Wo" jate. ' P of 8?) inoreased 

~es^ 

having light transmission similar to uncoated glass. ^ 
Example VI 



composition ,(«XM> 



Pressure Deposition 
(Microns) Rate 



20 HMDSO 
30 0 2 
40 He 
1.2 C 3 He 

20 HMDSO 
30 0 2 
40 He 
1.2 C 3 H6 

20 HMDSO 
30 0 2 
40 He 
1.2 C 3 H 6 



As ma y be seen from the data of Table V *e ~ 
hardness value for film at 26 microns was 9+ t^^^ FTmlSveried Htfier ccDsabildng. 
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meta*. an, onto minerals sue, as eg*. s = ^ KBr Th^the be 

While the invention has been described .n £°" n !^" ^ 
understood that it is capable ^^^TSXSt ^ 3S- * *• invention and including such 
uses or adaptions of the invention «^^ 0 i£ , ^ , £Som«iy practice in the art to which the 



1 . A method of depositing an adherent, silicon oxide based film comprising : 
providingagas stream induding a volatilized organosilicon compound, oxygen, and an inert gas; 

th sTmSd of depositing a hard, substantially inorganic silicon oxide based film in a previous-y 
evacuated chamber by glow discharge comprising: 

* aHmivino the volatilized organosilicon component with an 

and 

TSod according to Calm 3 or Claim 4. wherein the substrate is electrically isolated from the 

prlssurTofbe^ 
8 A method of plasma enhanced thin film depos.t.on oompnsmg. 

providing agas stream including a volatilized organosilicon compound; 

the plasma is in an adjustably controlled amount^ compound and oxygen ol the gas stream 

10 A method according to Claim 9 wherein the ^P— » > oompo u w ^ o( 

bair*.lowedintom.plasrr^^^^ 
the gas stream being flowed into the plasma is neu"m a ju» 

srixra^ 
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^trS^aS^T^Q <*«, herein m= deposited -on oxide Is MM . 

inorganic. M «ime 1 tr> 19 wherein the inert gas is helium, the gas stream 

14. A method according to any one '^^^^^J^l^ carbon moieties. . 
includesaminoramount of propylene ^^JJ^SSl gas stream includes a minor amount of 

*3SS«=s " 

comprising the steps of : 

providing a said chamber a gas stream that includes a source of a materia, desired to be deposited on ^ 
said substrate, 

of high electric field 
re^px.smonlngm.sdbstr^ 

general V** said plasm, a mag»«i. M no** a sub..aa.« magna* nux directed .gains, said 
„«hin said chamber wo <~£^^&E£Z^S^ from Jd plasma. 

*£» M* ft. is ocnnnad „ .sans o, an 

"SI method according to any preceding Claim, which comprises thestep of evacuating the chamberto 
previously evacuated chamber glow discharge, compris.ng: 

eieotricaimeansforestablishingaglow discharge piasma in the chamber from the vapor; 
a substrate positioned within the chamber; and 

„ a g„s,ic maans *r generating a magna* «ald «im,n the piasma na„ng a substantia, magnedc «ux 

magnetron positioned within the chamber. magnetic means includes two magnetic 

26. A vacuum system according to Claim 24 ^or 2 6, wherei ntne magn face ^ 

pole pairs positioned within the chamber a first ^^^^S^AjImm. 
plasma and a second magnetic _po.e of each ^Jg^^^^ MO S^^tn^ 
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